MOD patterns are distorted by expansion of the investment during setting in the casting ring. Using a simple idealized epoxy resin MOD pattern and two-dimensional photoelasticity, this investigation reports the distortion under several conditions, including W/P ratios, cases with and without asbestos lining, number of asbestos layers, condition of the asbestos lining (dry, wet, and applied silicone oil and vaseline), and the position of the MOD pattern in the ring.
INTRODUCTION
In Part I of this report,1) distortions of a MOD pattern caused by the expansion of an investment during setting in a casting ring were observed with time and analyzed dynamically by two-dimensional photoelasticity.
The asbestos lining affects the degree of distortion of a MOD pattern because the expansion of an investment during setting in the casting ring is affected considerably by both a cushioning by the asbestos lining and the amounts of water taking part in the hygroscopic expansion.2-4) Further, the water/powder ratio (W/P) and the pattern position in the casting ring are also related to the degree of distortion.5-7) Since the distortion which takes place during the setting and expansion of the investment cannot be entirely avoided,1) consideration of the degree of distortion occurring after investing a wax pattern in a ring makes it possible to evaluate the accuracy of casting. Dental precision casting methods use the setting and hygroscopic expansion to compensate for casting shrinkage.
In the present study, the authors used the method reported in Part I to investigate the distortion of the MOD pattern under the following conditions: different W/P ratios, with and without asbestos lining, different thicknesses of the asbestos layer, condition of the asbestos lining, and different positionings of the MOD pattern in the ring.
EXPERIMENTAL METHODS
The simple idealized MOD pattern, the experimental materials and procedures are as reported in Part I.1) The effects of the W/P ratio on the distortion of the MOD pattern was studied for three W/P ratios-0.41, 0.36, and 0.31-by removing the split casting ring at the setting time. In order to investigate the cushioning effect of the asbestos lining, experiments were performed with no asbestos lining to completely restrict expansion of the investment, and further by lining with one to five layers of asbestos dampened with 1.5ml water per layer (wet asbestos). The effects of the hygroscopic expansion caused by the water included in the asbestos lining were studied by lining three layers of asbestos under the following four conditions: dry asbestos, wet asbestos, asbestos sprayed with silicone oil# (silicone asbestos), and vaseline-treated asbestos (vaseline asbestos). The silicone and vaseline asbestos were used to prevent the transport of water between the investment and the asbestos lining. The effects of the MOD pattern position in the ring (lined with three layers of wet asbestos in all cases) on the distortion were investigated for three positions as shown in Figure 1 , with (a), the occlusal portion being near the asbestos lining; (b), near the center of the ring; and (c), near the cervical margins being near the asbestos. The standard MOD pattern position was at the center of the ring as shown in Figure  1 (b), and the standard W/P ratio of the investment was 0.36. Figure 2 shows dark field isochromatic patterns obtained with no asbestos lining, showing the changes with time after the start of mixing. The MOD pattern is subjected to compressive loads developed during the setting of the investment because the expansion in the radial direction is restricted completely by the ring. The numbers represent the orders of the isochromatic fringes. Zero order fringes appear at 18min (2min after setting), showing that a compressive load has begun to work on the MOD pattern. At the occlusal portion, the zero order fringe disappears at 26min, and the first order is observed at 35min. The first fringe moves from the lower to the upper part of the occlusal portion as shown in the 35min and 80min isochromatic patterns. Changes in fringe orders has ceased at 80min. Fringe orders of the occlusal and mesio-distal portions at 80min are one and zero, respectively, showing that the compressive loads on the occlusal portion are larger than those on the mesio-distal portions. Figure 3 shows dark field isochromatic patterns at 80min after the start of mixing, obtained by varying the number of wet asbestos layers from one to five. Only half photo- Numbers 13-15 show the effect of the MOD pattern position in the ring. The deformation is similar both with the occlusal portion close to the asbestos lining (Figure 1 (a) ) and the MOD pattern in the center (Figure 1 (b) ), and it is larger with the cervical margin close to the asbestos lining (Figure 1 (c) ). water taking part in the hygroscopic setting expansion are higher with dry asbestos lining than with wet asbestos lining10) and the lower W/P ratios here cause a bigger hygroscopic setting expansion. The differences in the fringe orders by changing the MOD pattern position (No.13, 14, and 15 in Table 1 ) can also be explained by differences in the hygroscopic setting expansion. It has been reported that water from the asbestos layers does not penetrate to the center of the investment in the casting ring,10) and so the water contained in the asbestos takes very little part in the hygroscopic setting expansion between the mesial and distal portions in Figure 1 (a) and (b) . However, the water influences the expansion of the investment in (c) because the cervical margins are close to the asbestos.
RESULTS

CONCLUSION
The influence of the W/P ratio, pattern position in the casting ring, and the asbestos lining (including no asbestos lining, number of layers, and its conditions) on the distortion of a MOD pattern during setting caused by expansion of the investment in the casting ring were investigated by two-dimensional photoelasticity using an epoxy resin MOD pattern.
With no asbestos lining a compressive stress worked on the MOD pattern with a gradually increasing setting expansion of the investment. The stress is not uniform over the whole pattern but is larger in the occlusal portion than in the mesiodistal.
The degree of deformation increases under conditions in which both expansion of the molds inside and outside of the MOD pattern becomes large, with smaller W/P ratio, and with an increase in the asbestos layers up to three layers. Lining with dry asbestos, the deformation is greater than with wet asbestos. When the cervical margins of the MOD pattern is close to the asbestos lining, the deformation also increases by increased hygroscopic setting expansion of the molds inside of the pattern.
The deformation changes in degree under several conditions; however, the behavior of the distortion does not change except for the case with no asbestos lining.
